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The comparison between electrospray ionization (ESI) mass spectra from NaCl solutions with
and without analyte obtained under ionspray and nanospray conditions reveals different mass
spectral behavior of the two ESI techniques. This can be attributed to the different initial
droplet sizes which are in the mm range for ionspray, while in nanospray they are believed to
be about one order of magnitude smaller. In the context of the widely accepted uneven-fission
model, nanospray would then enter one fission generation later; in addition, a higher initial
droplet surface charge density in nanospray results in early fissions without extensive
evaporation and thus increase in sample and salt concentration. This rationalizes that ionspray
spectra closely resemble nanospray spectra from solutions with about one order of magnitude
higher salt concentrations, showing a higher tolerance of nanospray towards salt contamina-
tion. When the analyte is a peptide (in a solution containing a high molar surplus of salt),
molecule ion formation effectively competes with salt cluster ion formation; when the analyte
is a sugar, it is detectable beside a high salt concentration only with nanospray, indicating the
supporting effect of surface activity on ion release in the case of peptides. A model is presented
which explains the different mass spectral behaviour of ionspray and nanospray by suggesting
different “predominant fission pathways” depending on the size of the initial droplets. (J Am
Soc Mass Spectrom 1999, 10, 300–308) © 1999 American Society for Mass Spectrometry
The ion formation process in electrospray ioniza-tion (ESI) can be divided into two consecutivesteps. The first one is the dispersion of the sample
liquid into charged droplets. In the second step these
initial droplets decompose induced by solvent evapo-
ration into smaller and more highly charged offspring
droplets; higher generation offspring processes then
lead to observable ions [1]. Although the second step
(and especially the ion formation process) has been the
subject of a large number of investigations and discus-
sions [e.g. 1–16], the relevance of the droplet formation
step for the ion production process has gained much
less attention.
The introduction of the nanospray technique by
Wilm and Mann [17, 18] has shed new light on this
phase of the ESI process. In conventional mL/min
forced-flow ESI the diameters of the initially formed
droplets are in the mm range [1, 5, 6]. In contrast, in the
nanospray technique the primary droplet sizes are
much smaller because of the use of very small needle
orifices and the abandoning of external pumping; in
[17] the authors assume a value of 180 nm. However,
ion signal intensities are equal or even higher [18] than
in conventional ESI; this effect is especially prominent
in the case of oligosaccharides [19]. In addition, the
tolerance towards salt contamination (buffers, etc.) in
samples from biological preparations has proven to be
higher than in conventional ESI [18].
As the droplet fission processes themselves cannot
differ in the two methods, the origin of these differences
in mass spectral behavior must lie in processes associ-
ated with the dispersion of the liquid into charged
droplets. In the widely accepted model [1, 7] ion release
occurs after a sequence of unsymmetrical droplet fis-
sions. It is usually assumed that with each offspring
step the precursor droplet loses 15% of its charge and
2% of its mass, whereas the offspring droplet radius is
one order of magnitude smaller (i.e., 20 offspring drop-
lets are released). In the context of this model, the size of
the initial droplets should have a clear influence on ion
formation.
• First, an influence on the time scale of ion formation
can be expected. Starting with large droplets, at least
one more generation of offspring droplets will be
necessary until droplets are sufficiently small for ion
release to occur. In this case, the formation of mass
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spectral ions must occur later than with smaller
droplets.
• Second, the effect of solvent evaporation has to be
included. The initial charged droplets need to evap-
orate to reach a sufficient charge density for fission to
occur, resulting in a concentration increase of both
analyte and salt in the droplets. Thus, the more
fissions a given droplet has undergone by successive
ejection of offspring droplets, the higher will be the
concentration in the final ion-forming droplet. Hence,
offspring droplets produced “early” in the ESI pro-
cess (i.e., by the first droplet fissions or from small
precursor droplets as in nanospray) should contain
relatively low salt concentrations, whereas those orig-
inating later or from larger precursor droplets of
earlier fissions (as in ionspray) should contain higher
salt concentrations because of solvent evaporation.
These different salt concentrations should be reflected
in the degree of cluster ion formation observable in
the mass spectra. The formation of salt cluster ions
has indeed been observed in conventional ES mass
spectra [20].
• Third, the fission residue, its loss of charge and
ongoing salt concentration increase also has to be
regarded (which is often not done, except e.g. in [15]);
this will strongly affect the total ion yield obtained,
i.e., the ratio between the ions set free and the analyte
lost in the residue. Depending on the initial droplet
size, more or less of the analyte will be lost in a lowly
charged residue, which may be regarded as a “wet
salt crystal.” From these considerations it can be
suspected that in conventional ESI and nanospray
different “fission pathways” are pursued which differ
in the number of fission processes required to form
Figure 1. Electrospray mass spectra of a 1022 mol/L solution of NaCl in H2O/MeOH/HOAc (48:48:4
vol. %). (a) Obtained under nanospray conditions, and (b) obtained under ionspray conditions.
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mass spectral ions. These different fission pathways
can be explored by varying the salt content of the
sample solution.
• Finally, an influence of the analyte itself has to be
considered; surface activity and thus enrichment into
the offsprings can be expected to significantly en-
hance ionization efficiency.
In this investigation we have used the extent of salt
cluster ion [(NaCl)nNa
1] formation from analyte solu-
tions containing various concentrations of NaCl as a
means to evaluate the role and importance of different
fission pathways. To this end we have specifically
investigated the differences in ESI mass spectra under
nanospray and ionspray conditions, because here a
clear effect of the different initial droplet sizes can be
expected.
Experimental
Experiments were performed on a Finnigan LCQ ion
trap mass spectrometer (Finnigan MAT, San Jose, CA)
using either the factory-built IonSpray source (metal
capillary, o.d. 300 mm, forced flow at 3 mL/min; sheath
gas: nitrogen at factory default pressure) or a commer-
cial nanospray setup (Protein Analysis, Odense, Den-
mark). The nanospray capillaries were self-pulled gold-
coated glass capillaries (borosilicate glass, 1.2 mm o.d.)
with orifices of #2 mm diameter. Potentials applied
were 4.8 kV with the ionspray setup and 800 V with the
nanospray setup. To avoid any shifts in cluster ion
distributions because of collision-induced dissociation
(CID), no potential differences were applied between
transfer capillary (held at 200 °C), tube lens, and skim-
mer.
Three different types of solutions in water/metha-
nol/acetic acid (48:48:4 vol. ratio) were investigated:
NaCl solutions, solutions of a peptide (bovine insulin,
1025 mol/L) and NaCl, and solutions of a sugar (mal-
topentaose, 1025 mol/L) and NaCl. NaCl concentra-
tions in each type of solution were varied between 1025
and 1021 mol/L. Methanol and acetic acid were HPLC
grade; all samples (NaCl p.a., Fluka; bovine insulin,
Sigma; maltopentaose, Merck) were obtained commer-
cially and used without further purification.
Results and Discussion
NaCl Solution
Figure 1 shows mass spectra obtained from a 1022 mol/L
NaCl solution under nanospray (Figure 1a) and ionspray
(Figure 1b) conditions. Both spectra are dominated by
salt cluster ions (NanCln21)
1 and (NamClmClm22)
21.
This high extent of cluster ion formation [(NanCln)Na
1
with n . 30] is especially noteworthy because the
absence of those clusters in ESI mass spectra had
formerly been used as an argument for ESI ion forma-
tion according to field evaporation processes [1]. More-
over, the registered salt cluster ions exhibit “magic
numbers,” i.e., prominent salt clusters at n 5 14 and 23
and m 5 46 which reflect the high stability of these
clusters known from other investigations [18, 21]. How-
ever, the differences between the nanospray and ion-
spray spectra are clearly discernible. Whereas in the
nanospray spectrum the two cluster ion series can be
clearly distinguished, this is hardly possible in the
ionspray spectrum where most of these ion signals are
hidden in a very high “noise” level. As this must clearly
be chemical noise, i.e., all signals appearing in the mass
spectrum are principially attributable to some ion spe-
cies (in this case differently charged larger salt cluster
ion species), the ionspray spectrum shows that there
must be a rather high salt concentration in the final
(ion-forming) droplets.
The high degree of salt cluster ion formation ob-
served here may be influenced by the type of ion source
employed, i.e., the “heated capillary” setup that our
instrument is equipped with. In contrast to the other
common ES setup, the “curtain gas” ion source, our ion
source will allow all kinds of particles produced by the
ES process (i.e., mass spectral ions as well as large and
weakly charged droplets) to enter into the mass spec-
trometer. Large and weakly charged droplets entering
the heated capillary will be driven to nearly complete
evaporation and thus will give rise to sodium cluster
ions that may be further clustered with water, metha-
nol, acetic acid, or other solvent residues. In contrast,
the curtain gas ion source will sweep away those large
particles and droplets; consequently, the amount of salt
cluster ions detected with such an ion source will be
considerably lower, which is a major advantage for
analytical applications. However, because of the ab-
sence of this source-dependent sampling bias the
heated capillary source actually gives a more accurate
picture of the processes occuring in ES ionization; i.e.,
the differences between ionspray and nanospray are
emphasized, whereas they are mitigated when using a
curtain gas ion source.
For the following discussion, we stay within the
Table 1. Concentration of charge carriers in nanospray and
ionspray ESI MS. Values marked with an asterisk are
approximate values, because they may vary depending on the
experimental conditions
Nanospray Ionspray
Flow rate 20 nL/min* 3 mL/min
Current 10 nA* 200 nA
Estimated droplet size for
a 1022 mol/L NaCl
solutiona
444 nm* 84 nm*
Concentration of Na1
surplus charge carriers
3 3 1024 mol/L 4 3 1025 mol/L
Concentration ratio
(Na1/NaCl) for 1022
mol/L NaCl
3 3 1022 4 3 1023
aFor details of calculation see the text.
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fission scheme as presented in [1], where each fission
generation results in offspring droplets which are one
order of magnitude smaller in diameter, and multiple
fission cycles occur within one generation after evapo-
ration.
Table 1 shows a simple calculation which compares
the number of the surplus charge carriers present in a
1022 mol/L NaCl solution under typical ionspray and
nanospray conditions. The nanospray values for flow
rate and current were not obtained with the mass
spectrometer, but with a separate experimental setup;
they represent approximate values, because they vary
depending on the orifice diameters of the needles used
in the experiments, but can regarded to be typical. Also
included are estimations of droplet sizes based on an
equation given by Fernandez de la Mora [22]
r < SVf ee0k D
1/3
(1)
where r denotes the droplet radius, Vf the volume
flow rate as given in the table, e and e0 the permit-
tivity of the solvent and of vacuum, respectively, and
k the solution conductivity. e was taken as 49.4 (the
value for a 1:1 methanol/water solution [23]); k was
Figure 2. Electrospray mass spectra of a 1025 mol/L insulin solution in H2O/MeOH/HOAc (48:48:4
vol. %) containing various concentrations of NaCl. (a) 1021 mol/L NaCl, nanospray conditions, (b)
1022 mol/L NaCl, nanospray conditions, and (c) 1022 mol/L NaCl, ionspray conditions.
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calculated from literature data available for aqueous
solutions; the equivalent molar conductivity of a 1022
mol/L NaCl solution: Lm 5 118.45 cm
2 S/mol [24];
for acetic acid, the limiting molar conductivity Lm
0
(CH3COOH) 5 390.55 cm
2 S/mol, pKa (CH3
COOH) 5 4.75 [24]; for a 4 vol. % acetic acid solution,
c 5 0.635 mol/L, the degree of dissociation a is
calculated from
a 5
1
2 SKac DFS1 1 4cKaD
1/2
2 1G (2)
to give a 5 0.53%, which then gives the equivalent
molar conductivity Lm of this solution from
Lm 5 a Lm
0 (3)
as Lm 5 2.06 cm
2 S/mol. Using the standard equation
k 5 O
i
Lm,ici (4)
the conductivity of a 4% acetic acid solution containing
1022 mol/L NaCl is calculated to be k 5 0.249 S/m.
The table shows that for this sample solution the
ratio of excess charge carriers (i.e., Na1 ions) to paired
ions (i.e., Na1 and Cl2 ions) is about one order of
magnitude higher in nanospray than in ionspray. As the
NaCl concentration in the primary droplet is the same
as in the original sample solution, the higher surplus
charge indicates that in nanospray the primary droplets
are more highly charged and thus will undergo fissions
at an earlier stage. The larger and more lowly charged
droplets in ionspray need some evaporation (and time)
and thus undergo a substantial concentration increase
before the critical surface charge density for fissions is
reached. Because in nanospray the primary droplets are
already in the 100 nm range, only one fission generation
is required to reach the 10 nm state from which ions are
likely to be released. Both effects lead to an “early” ion
formation in nanospray compared to ionspray. Because
in ionspray at least one more fission generation (the
step from 1 mm to 100 nm) will be necessary before the
size of the offspring droplets is small enough for ions to
be released, it can be understood that here a much
higher degree of clustering is observed than in nano-
spray. In addition, the precursor droplets, which are
already in a more concentrated state, undergo further
fission cycles leading to highly clustered ions. And
finally, with increasing salt concentration, efficient
droplet desolvation is impeded because of the decrease
of the vapor pressure with increasing electrolyte con-
centration. Thus, even for moderate starting salt con-
centration, the largest part of a primary ionspray drop-
let will end up as a highly concentrated, but relatively
lowly charged residue.
Insulin Solution with NaCl
The investigation of bovine insulin solutions with dif-
ferent NaCl concentrations again shows far more
“noisy” and “salt dominated” spectra in the ionspray
case (see Figure 2). Whereas in nanospray even at 1021
mol/L NaCl concentration the insulin peaks can be
distinguished from the NaCl clusters (Figure 2a), they
are still not discernible in ionspray mass spectrometry
at 1022 mol/L NaCl concentration (Figure 2c); from this
solution nanospray yields a much “cleaner” spectrum
(Figure 2b; for the significant degree of sodium attach-
ment of the insulin peaks, cf. the discussion below). This
corroborates the model outlined above that in nanos-
pray earlier fissions occur from less highly concentrated
droplets to yield mass spectra with a lower degree of
clustering than in ionspray.
Figure 2. Continued
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This trend continues upon lowering the salt concen-
tration to 1023 mol/L (Fig. 3) and 1024 mol/L (Fig. 4).
Generally, it can be seen that nanospray yields spectra
comparable to ionspray spectra at about one order of
magnitude higher salt concentrations (see Figure 2b vs.
Figure 3b or 3a vs. 4). Obviously, when spraying the
same sample solution first-order ionspray offspring
droplets will be more highly concentrated than the
primary nanospray droplets which are comparable in
size; hence the degree of cluster ion formation, reflect-
ing the salt concentration in the droplets, will always be
higher in ionspray mass spectra. This means that in
order to give comparable mass spectra ionspray re-
quires “cleaner” sample solutions than nanospray, i.e.,
the tolerance of nanospray towards salt contamination
is higher than that of ionspray by at least one order of
magnitude.
One important effect apparent in the mass spectra of
Figures 2 to 4 in comparison to Figure 1 is that despite
the large excess of salt, insulin molecule ions effectively
compete for ionization (for nanospray even at 1021
mol/L NaCl) and soon dominate (for nanospray at 1022
mol/L, for ionspray at 1023 mol/L NaCl) the ion-
forming processes. This can be rationalized by taking
into account surface activity [1]. Peptide molecules will
tend to accumulate at the droplet surface and will
therefore be enriched in the offspring droplets. This
process will happen both in ionspray and in nanospray.
Resuming the discussion for the neat salt case and
including the effect of surface activity, it becomes clear
that already at 1022 mol/L NaCl nanospray yields
useful mass spectra, whereas the solvent evaporation
and salt concentration increase in ionspray aggrevates
and finally prevents analyte ion detection. However, at
1022 mol/L NaCl molecule ion signals in nanospray are
strongly sodiated and the charge state is somewhat
Figure 3. Electrospray mass spectra of a 1025 mol/L insulin solution in H2O/MeOH/HOAc (48:48:4
vol. %) containing 1023 mol/L NaCl. (a) Nanospray conditions and (b) ionspray conditions.
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shifted to more lowly charged species. This is in con-
trast to results reported previously [13] where neither
cation attachment nor a shift in analyte charge state was
observed upon addition of CsCl to solutions of myoglo-
bin and lysozyme. Although the absence of cation
attachment in this case can be explained by the lower
tendency of Cs1 toward attachment than of Na1, the
charge state shift observed here remains a contrasting
result; however, it can easily be rationalized by charge
condensation [14], i.e., partial neutralization of multiply
protonated insulin molecules (in solution at pH 2.5) by
anions. In ionspray at these salt concentrations, insulin
signals are still obscured within the salt cluster signals.
Similarly, the observation that at lower charge states
the insulin peaks exhibit much more sodiation than at
higher charge states (e.g., Figures 2b, 3a) can be ex-
plained if we assume that they originate from different
fission pathways: The higher charge state signals orig-
inate from first order (early) offspring droplet genera-
tions and thus from solutions containing the original or
only relatively moderately increased NaCl concentra-
tions. The lower charge states are generated by charge
condensation processes, either from larger initial drop-
lets or from later fission cycles.
Moreover, the presence of insulin alters the qualita-
tive appearance of the mass spectra. Comparing the
ionspray spectra from the 1022 mol/L NaCl solution
with and without insulin (Figures 1b and 2c) reveals
that even though no insulin peaks can be discerned at
the concentrations used in Fig. 2c, the salt clusters are
more pronounced (i.e., the spectrum is less “noisy”)
than in Figure 1b. In the context of our model, this
means that the ions are produced in “earlier” fission
pathways. This effect of a surface active charged analyte
can be implemented in a more general way, following
an idea first put forth by Ro¨llgen et al. pointing out that
“proteins carry a significant fraction of the excess
charge; [thus] the surface charge distribution [in the
droplet] is inhomogenous which promotes [droplet
fission and] the release of ions” [25; words in square
brackets added by the authors].
A schematic depiction of a droplet with such an
inhomogenous charge distribution is shown in Figure 5.
Large proteins will accumulate near the droplet surface
because of their surface active properties and will
locally increase the radius of curvature of the surface; at
these locations fissions and/or ion release are facili-
tated; thus such deformed droplets will disintegrate
earlier than without the presence of peptides/proteins,
and without pronounced salt enrichment. If one conse-
quently pursues this idea, this would suggest an alter-
native, analyte-dependent fission pathway.
Figure 4. Electrospray mass spectrum of a 1025 mol/L insulin in H2O/MeOH/HOAc (48:48:4 vol. %)
containing 1024 mol/L NaCl obtained under ionspray conditions.
Figure 5. Schematic depiction of a charged droplet with an
inhomogenous surface charge distribution because of the presence
of large sample molecules near the surface.
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Maltopentaose Solution with NaCl
In contrast to peptides, the detection of a sugar in a
“salty” solution is much more difficult, because an
analyte enrichment because of surface activity in the
course of a fission sequence cannot be expected. Hence,
both sugar and salt cluster ions are released via the
same fission pathways. Consequently, using a solution
containing 1025 mol/L maltopentaose and 1023 mol/L
NaCl under nanospray conditions, sugar peaks can be
clearly distinguished (Figure 6a), whereas in ionspray
the same solution gives almost no useful information
(Figure 6b). This shows that nanospray conditions are
favorable for the detection of the sugar, because “noise”
originating from highly concentrated residue droplets
(with strongly reduced desolvation) occurs to a much
lesser extent than in ionspray. In contrast, ionspray
leads to a sample loss in a lowly charged residue which
is inevitable even in the case of a relatively clean analyte
solution. For such a sample solution, nanospray gives
access to a much larger (if not to the complete) amount
of sample contained in the initial droplets. This explains
the earlier observation that the ESI investigation of
oligosaccharides has proven to be much more sensitive
under nanospray conditions [20].
Conclusion
The investigations show the importance of the liquid
dispersion process into charged droplets and the fission
of those droplets under ESI conditions for the mass
Figure 6. Electrospray mass spectra of a 1025 mol/L solution of maltopentaose in H2O/MeOH/
HOAc (48:48:4 vol. %) containing 1023 mol/L NaCl. (a) Nanospray conditions, (b) ionspray
conditions.
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spectra obtainable. The results can be rationalized if one
assumes different “predominant fission pathways”
within the fission cycle leading from the electrosprayed
charged droplets to the ion species observed.
• Nanospray ESI produces comparable small initial
droplets that, because of their high charge state,
decompose rather promptly to offspring droplets
from which ions are released (cf. Figures 1a, 2a, b, 3a,
6). Thus the concentration increase is not significant,
which explains the high tolerance of nanospray to-
wards salt loads in the sample solution.
• Ionspray ESI produces comparably large initial drop-
lets. Here, the concentrations in the droplets rise
because of solvent evaporation, the droplets undergo
more fissions until ions are released; in addition, the
precursor droplet residues undergo further fissions,
leading to increasing salt concentrations with every
fission cycle, and thus to increased cluster ion forma-
tion (Figures 2c, 3b, 4).
• Moreover, ionspray suffers from a strong sample loss
by the formation a lowly charged residue, which in
the case of nonsurface active analytes such as oligo-
saccharides prevents their sensitive detection. In the
case of proteins or larger peptides, this effect can be
partially compensated because their surface activity
may create an inhomogenous charge distribution at
the surface of the smaller offspring droplets, thus
facilitating their fission. This will increase their detec-
tion sensitivity both in ionspray and nanospray.
• The observation of salt cluster ions (NaCl)nNa
1 with
n . 30 presents strong evidence for the fact that they
must be formed by evaporation of nanodroplets
containing high salt concentrations rather than by
field evaporationlike processes.
References
1. Kebarle, P.; Tang, L. Anal. Chem. 1993, 65, 972A–986A.
2. Iribarne, J. V.; Thomson, B. A. J. Chem. Phys. 1976, 64, 2287–
2294.
3. Thomson, B. A.; Iribarne, J. V. J. Chem. Phys. 1979, 71, 4451–
4463.
4. Meng, C. K.; Mann, M.; Fenn, J. B. Z. Phys. D 1988, 10, 361–368.
5. Nohmi, T.; Fenn, J. B. J. Am. Chem. Soc. 1992, 114, 3241–3246.
6. Fenn, J. B. J. Am. Soc. Mass Spectrom. 1993, 4, 524–535.
7. Ikonomou, M. G.; Blades, A. T.; Kebarle, P. Anal. Chem. 1989,
63, 1989–1998.
8. Tang, L.; Kebarle, P. Anal. Chem. 1993, 65, 3654–3668.
9. Sakairi, M.; Yergey, A. L.; Siu, K. W. M.; LeBlanc, J. C. Y.;
Guevremont, R.; Berman, S. S. Anal. Chem. 1991, 63, 1488–1490.
10. Guevremont, R.; Siu, K. W. M.; LeBlanc, J. C. Y.; Berman, S. S.
J. Am. Soc. Mass Spectrom. 1992, 3, 216–224.
11. Siu, K. W. M.; Guevremont, R.; LeBlanc, J. C. Y.; O’Brien, R. T.;
Berman, S. S. Org. Mass Spectrom. 1993, 28, 579–584.
12. Wang, G.; Cole, R. B. Org. Mass Spectrom. 1994, 29, 419–427.
13. Wang, G.; Cole, R. B. Anal. Chem. 1994, 66, 3702–3708.
14. Wang, G.; Cole, R. B. Anal. Chem. 1995, 67, 2892–2900.
15. Winger, B. E.; Light-Wahl, K. J.; Ogorzalek Loo, R. R.; Udseth,
H. R.; Smith, R. D. J. Am. Soc. Mass Spectrom. 1993, 4, 536–545.
16. Schmelzeisen-Redeker, G.; Bu¨tfering, L.; Ro¨llgen, F. W. Int. J.
Mass Spectrom. Ion Processes 1989, 90, 139–150.
17. Wilm, M. S.; Mann, M. Int. J. Mass Spectrom Ion Processes 1994,
136, 167–180.
18. Wilm, M. S.; Mann, M. Anal. Chem. 1996, 68, 1–8.
19. Bahr, U.; Pfenninger, A.; Karas, M.; Stahl, B. Anal. Chem. 1997,
69, 4530–4535.
20. Zhou, S.; Hamburger, M. Rapid Commun. Mass Spectrom. 1996,
10, 797–800.
21. Martin, T. P. Phys. Rep. 1983, 95, 167–199.
22. Fernandez de la Mora, F.; Loscertales, I. G. J. Fluid Mechanics
1992, 243, 561–574.
23. Conway, B. E. Elektrochemische Tabellen; Govi-Verlag GmbH:
Frankfurt, 1957; p 45.
24. CRC Handbook of Chemistry and Physics, 76th ed.; CRC Press;
Boca Raton, 1995.
25. Ro¨llgen, F. W.; Du¨lcks, Th.; Lu¨ttgens, U.; Juraschek, R. Talk
given at the 7th Sanibel Conference 1995, Sanibel Island, FL.
308 JURASCHEK ET AL. J Am Soc Mass Spectrom 1999, 10, 300–308
